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CRYOGENIC HYDROGEN ISOTOPE DISTILLATION
FOR THE FUSION FUEL CYCLE

by

Robert H. Sherman
Materials Chemistry Group
Materials Science and Technology Division
Los Alamos National Laboratory
Los Alamos, New Mexico 87545

ABSTRACT

Cryogenic distillation i®s an attractive method far the hydrogen
isotopic sezparations required in fusicn fuel cycles. The theoretical
and practical aspects of designing and constructing such systems are
well established. Practical considerations in the design of systems
are presented and applied to the Isotope Separation System (ISS) at
the Tritium Systems Test Assembly (TSTA), as well as systems of dis-—
tillation columns that might be used for a reactor such as the Tokamak
Fusion Core ctxperiment (TFCX) and the recovery of breeding blanket
product.

INTRODUCY ION

There are a number of different methods which may be used to
separate the mixtwres of D>, DT, and T= (together with a small admixx-
ture of Hz., HD, and HT) which exit as unburned fuel from a fusion
reactor chamber. Of the various methods, dicstillation ic the olcest
known to man and alsco probably the hest undercstood. Other methods
vwhich have been used or proposed include thermal diffusion, palladium
diffusion. gas chromatography. differential hydriding, and laser acti-
vated separation procescses.

Distillation has ceeveral advarntages over the other separation
methode because the separation factore are relatively larqge, through-
put is high. startup times are relativelyv short,. and there is laraqe
design flexibility, A eyetem of columnes aererally operates at a
steady cotate arnd therefore cantrol 1= relatively easy, Most i1inetru-
metation  has hees well developed and e available ag  off-the-cshelf
RS AY L TR Whivle: ther ¢ are larae temper ature aradiente to the 1ow temper -
ature environmernt of Lhe columne, dur 1m0 cperalione there 1e no Ltember -

ebur e cwelaria, et hetv s Fewer mechantoa] 2ty e ave seboup in the
cootben, Qe r =t [y 6Ly P e SnrL 1mately o one atmoechere  and
thot & ere 0 ler de preveure gradiente withiin the eveten. Lever ¢l

comuerctal lv conctructed hvorooen 1cctone senareticon eveteme are ol -
ready 1in operation. thus 1t 1e poseible to utilize the exaisting com-
mer Cciel experience in the selection of column parametere and aeneral
cesian.

Thie PRI EAL e iwlbiac b too durtallatyone ws - SIS S R [N E R 1et mpne
sepearatan e the relatively larae 1hventor o b tealaum whaeh 15 held
e A sy fece Al oo the column pach bon and wealles ar oas balld liguid
i the reebion ler Fower requilremente for the refrigerator necescary to

MAS-'m DISTNIBUTION OF THIS DOCUMENT 1S UIUNTF“/
A ?Eeaég
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maintain the <a. 25 K temperatures are significant.

While the detailed simulation of a multicomponent distillation
column is a complicated mathematical problem, present generation
digital computers permit a rapid solution of the equations required to
describe the system. Dynamical simulations are possible in addition
to steady state solutions which are the basis of system design. Com-
puter studies have also been made of the start-up conditions.?®

The design concepts developed at the Tritium Systems Test
Assembl y (TSTA) have been applied to other fusion energy applications
siuch as the separations required for the principal fuel streams at the
Tokamak Fusion Core Experiment (TFCX), International Tokamak Reactor
(INTOR), and the Technology Development Facility (TDF). Additionally,
preliminary distillation system designs bhave been developed for
several different tritium breeding blanket concepts to recover the
tritium for use in the main fuel cycle. The earliest design stucies
were directed at the isotope separaticnse needed at the Intense Neutron
Source (INS),., which was never constructed.

GENERALL PRINCIPLES

There are several basic principles to be considered in the design
of an isotope separation system based on distillation.

1) The order of volatility of the hydrogenic molecules is
42, HD, HT, D2, DT, and T2, with H2 being the most
vol atile,

2) In aqgeneral, a column can be designed to provide - a
specified separation between any two species. called
the light and heavy key, which are usually adjacent to
each other on the wvelatility scale. For preliminary
design, species more volatile than the light key can be
considered to be recovered 100X in the distillate (or
top) product while species less volatile than the heavy
kbevy can be considered to be recovered 100% in the
reboiler (or bottom) product.

Ry A minimum of one column is required for ean.: pure
product,

4) Simple sinale columne can be used satisfactorily over &
suwrprisinaly wide range of operating conditionz and «
svatem of several individual columns may ke recon-
figured., should svetem parametsers change. The maraineal
cost of adding en additione!] column to o svetem 18 of
the ocrder of (0% of the total coet.

o While 1t 1e poseslble to remove additional etreams  at
celected locatians along & colunn., to do go will result
i a  column which 15 difficult to control and of &
agenerally inflexible design.

&) Similarlv., & column may have anv number of feeds. but
trhev are cspecified at the oupenee of csvstem flervibili-
tv.

) A heraght equavalent to ¢ theoretical stage (HETF) o+ G
cm mav be veed for columns pachked with stainlecs
steel paching  =such as "Heli-pab”. 2 Thig 1¢ suitable
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for columns from 1 ¢cm 1.d. to about 10 cm 1.d,.

8) A superficial vapor velocitv of 3.5 to & 1in/sec wili
result in adequate flow without floodinag of the packed
section, This value is computed based on the unpacked
area.

9) Holdup of liquid on the packing amounts to approximate-

ly 9.5% of the superficial volume.

10) Tritium has a heat of decay of 0.326 W/g. This mani-
fests itself as a compesition dependent heat leak to
the column or reboiler.

1) The undesirable species, HT. may be removed by promot-
ing the equilibrium

HT + D> == HD + DT (Eq. 1)
after which the HD may be removed as an iinocuous
distillate product and the DT recovered for recycling
into the fuel]l stream.

T8TA

At TSTA. four cryogenic distillation coluamns have been designed,
constructed. and installed to effect the separations required.>=>-4
TSTA personnel were responsible for the process design and specifica-
tions. Arthuar D. Little, Inc. (Cambridage. MA) was selected as the
vendor responsible for the engineering desiqn, process control, and
construction, The columne are approximately 2.5 c¢m in diameter, 3X-4
meters long., and filled with stainless steel packing. They are oper-
ated 1In two cascaded with no internal return paths. The nominal
design feed i= assumed to be an equilibrium misture of 25% D2, S0% DT.
and 25% T> ( with 1% protium) at a rate of approximately 3I&63 agram-
moles/day. The product streams of HD waste (contaiminag only 2 » 10~7
mole fraction HT)., 99.99+% D= for fueling neutral beams. DT for reac-
tor fueling. and 9B8+% T, to fuel a tritium neutral beam (if one is
used) or for experiments requiring pure ti-itium. In all likelihood. a
column to produce pure T» would not be reeded in an operating reactor.
but at TSTA it is required in order to rdevelop the design and opera-
ting expertise and to produce pure tritium for experiments.

Fiogure 1 12 & flow schematic of the T5TA 1cotope separation

cvetem (188) and the principol desian specifications are aivern i
Table 1. Calumr U was desianed to provide e zeparation wilh Da as the
lroht Vo, erd DT = the hieewv bewv, The reboiler croduct stream 1¢
therefore Ca. &7W DT andg T3 Ta, This <tream 12 uced &= the feed for
Cralumn z whoy ook cper ates as a4 two component caolumn and provides &

dietilleate ctream 1 DT and a retorler stream of Ta.

The aperation of the svetem of Columne 2 and 4 is much more
complex. These two columns must provide a stream of pure D= and a
waste <ctream ot HD to remove anvy protium which found its way inito the
reaclor 5vstem, The molecule HT lies midwaevy between KD and Do arm
vaolatility and 12 undesarable, vet half of anvy protaum in the =svetem
endse  up ae HT. It cannot be discarded with the HD waste because 1t

containg tritium which would constitute & hazard and there is too much
to collect for storacge or burial. Therefore. 1t should be treated as
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the heavvy kev in Column 2. In Column 4. however. the separation is
between Dx which then is removed as the top or distillate stream and
DT which is extracted as the reboiler stream. Any HT would necessari-
lv appear in the distil)late and contaminate the Dz which is to be used
for neutral beam injectors. Tritium In this stream is also highly
undesirable. The solution to this dilemma is to promote the previously
mentioned chemical reaction (1) which is one of several which occur
when the three hydrogen isotopes are mixed. This reaction i cata-
lyzed by <small catalytic converters between Columns 1| and 2, and
between Columns 2 and 4, The separation in Column |1 depletes DT in
this loop. In addition, a large stream of D> is recircul ated through
the Column 2-4 joop. Both of these steps, together with the separa-
tion in Columns 2 and 4 tend to drive the equilibrium reaction to the
right side of the equation. Thus the HT molecule is effectively
removed from tne system allowing the discard of H as HD and the
retention of T as DT.

These columns have been operated successfully and several of the
important design parameters verified by special experiments. Early
experiments were carried out to establish the HETP which was found to
be 5 cm. Several runs have been made with the system of columns which
combined operator training with production of 350 m® of D-depleted Ha
(containing <3 ppm HD) and H-depleted D= (containing < 2 ppm HD) for
research purposes. Measurements of liquid holdup on the packing &nd
walls and of column pressure drop have been reported recently."™

At this time only preliminary results are eavailable for feeds
which include H, D, and T. The results are very encouraging and tend
to verify tinat the multi-column system will perform as designed.

Several minor design errors were made in the IS5 which, while not
affecting oaverall performance. have proved to be inconvenient. To
save & trivial cost, several intercolumn streams were not instrumented
with flowmeters, but instead a calculated flow was indicated. This is
fine for steady steate conditions. however the actual flows are sorely
nissed during startup when condensation renders calculated flows
meaninaless. The missing flow transducers are now being installed.
Column pressurec are measured bv MKS ERaratron capacitance manometers.
These normally work gquite caticsfactorily. however we chose to use one
of the models without temperature compencsation and as & result there
12 an electrical uncertainty of up to several torr mainly due to cero
shifte and or temperature effecte, Since we are decirous of meintain-
e antercolumn pressare dropes of the order of 0 torr thise presente =
cortral problem. The obwvione coluticon would be te 1nstall the =li1ght-
v more euspencive, tempersture controlled sencsore.

Fecause there 12 & 1000-fold volume ratic between liguid Ha Arid
racil temper ature gac. 1t 12 necescsal"v to have some =sort wf expancion
volume 1n the system 1n case of a unenpected rapid warmup of the
columne, A 0,37 m? owas installed i the Ds recirculation line which
feede it columnm H, Thie tamnk mnormally 1 filled onlv with ecssen-
tiall. pore Do and hence doese nol contribute to the tritium inventorv.
However , 1n actual cperatiacn thie tank is & seriocus operating incon-—
vience, It i difficult to evacuate or purge and hence on startup
precserte e cource of conden=zable impurities sufficient to freece and



pDavton Faper I/712/7198% Add Abstract /1871983 Page 9

plug intercolumn flow lines. During operation, flow tends to be 1n
and out of the surae volume rather than directly from one column tco
another if there are any pressure variations in the interconnected
columns, The problem is being addressed by valving the tank out of
the system with air—-operated valves which will fail open, and a bypass
valve. Each of the columns is individualiy provided with a rupture
disk which exhausts into the surge volume. A bleed valve 1is being
installed to allow the tank to be brought up to operating pressure
gradually since if it were initiaily evacuated and then an on/off

valve actuated the pressure swing would totally disrupt the operating
distillation system.

As delivered., we had specified that there were to be no hard
shutoff valves between columns. This has proved to be a great disad-
vantage when repairs or modifications were necessary because of the
relatively large volume of the columns and their interconnection
through long lines, With the installation of the individual rupture
disks, we are also installing shutoff valves on the rebniler, feed,
and distillate lir=s of each column. These hand-operated valves can
be shut for maintenance and leak rhecking, but woulc normally remain
open with the handles removed. In addition, a micruswitch iz attached
to each valve, and all the switches are connected in series. Thus if

any one valve is closed, a potentially unsafe condition is indicated
in the control room.

The TSTA isotope separation sysiem is a provides a good example
of the flewxibility inherent in a system designed with individual
columns that are externally intercomnected. The gquestion arose of how
to recover in case there were to be an accidental release of ca. 100
grams of tritium into the TSTA buildinag. The Emergency Tritium
Cleanup s=vystem (ETC) would be activated and ce. B85 grams of tritium
would be recovered as HTO i various concentrations. With additional
equipment the water could be electrolyzed to H-. HD, and HT. After a
replumbing of the four columns of the ISS, the svstem could be used to

cseparate the HT. which could then be catalyced according to the reac-
tion

oHT == Hz + Ta. (Eq. )

Ancother cet of columne could then ceparate the T- for reuse 1in  TSTA.
While nome of the columne woulo be ootimally decigned for the tash,
each would operate withirn & tolerance band sufficrently wide to nermit
the recover v operatlion withoot reqguiring an 1nvestment 1n & dedicated.
conpletel . separate =veten whach nraght never be used,

TFCX

For the TFCX traitium processing system. we were requested to
prepare a deesiagn for the izotope separation system. The feed composi-
tion cepecifications were guite similar to those of the TE5TA  [SS.

exvcept for a much lower flow rate of 4.9 moles/dav, There were to be
crly two product streeme, D and To. as well as a waste stream of HD,
A= eeen 1n Figure 2., this can bhe accomplicehed with a system of =

crvogentc distiilation columne,
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Column 1 is designed, as in TSTA, to provide a princigal separa-
tion between D> and DT. The distillate product. which is mostly Da,
15 equilibrated to promote the HT dissociation reaction. Column 2 is
designed to provide a separation between HD and HT, thus any ingrowth
of protium into the TFCX system is discharqged as innocucous HD waste as
the distillate product. The reboiler product contains mostly Da as
well as any HT and DT present in the column feed. The Column 2
reboiler stream is split into two streams with the bulk being recycled
to the appropriate location in Column 1 as a principal feed.

The reboiler stream from Column 1 is mostly DT. To remove excess
D=z the stream is passed over & small room-temperature catalyst bed to
establish isotepic equilibrium. This reactor is simply about 10 cm®
of finely divided palladium supported on an inert ceramic substrate.
This stream is the feed to Column I, which separates DT and Ta. The
distillate stream containing all of the Dz and moat of the DT is
recircul ated to same location as the external feed to Column 1, after
an equilibration step to shift the species towards a larger fraction
of T=. The reboiler stream is combined with a small quantity of the

reboiler stream from Column 2 to provide an essentially equimolar D-T
mixture for reactor fueling.

Table II is a summary of the important design parameters for the

TFCX ISS system. An important consideration wes minimizing the total
tritium inventory, At first qglance it would seem that Column 1 might
be unnecessary. However the recycle stream to Column 1 servese to

increase the flows in the top section of Column 1 and thus increase
the required diameter. Otherwise. the column would have a design

diameter of only a few millimeters, clearly almost impossible to
construct and control.

For this design. criteria for D= and T= product purity were set
by personnel from the TFCX team at Frinceton University. It ie pos-
sible. however. to significantly reduce the complexity of the system
and the inventory of tritium. If it 1= assumed that reasonably pure
D= is still required for fueling neutral beams and that the actual
goal ie an approvimately equimolar mixture of D and T in the torus.
thern a svstem of onlv two columns should suffice. Such a system 1is
thxwn 1n Figure I and the design specifications are given in Table II.
It le peesible to prepare a wide range 2f torus fuelina wmixtures by
verving the flowe of the Do ctream from the retbciler of Columm o &nd

the DOT/To stream from the retoiler cf Column T, By utilaicing such =
two-caolumn 1eatope ceparation cvetem rather than & three-column
svz=tem. the tratium 1nventory would be reduced from ~70,000 Ci1 to onlw
LT C1 oernce the grectect portion of the i1nverntory 1s 1n the 1ower

portion of the packing and the retoiler of the third column.

RLANKET PRODUCT RECOVERY

Swvetem desranere al the Araonne National Laboratory requested a
prel minary desian of & =s=vetem to recover the tritium from breedinao
blaniet. It was specified that tritium would be bred at the rate of
00 ar-amy per dav. A eluent of 40 Lao/dav of H= or Ds would tbe passed
OveEr the blanket materi1al 1nto which tritium would diffuse. Al =0
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present would be 3He due to the decay of the tritium. The resultant
veed stream would contain only & small amount of elemental tritium as
most of the tritium would be in the form of HT or DT and hence a high
degree of separation is necessary.

The first consideration was a choice of eluent gas. I+ the
choice was D> then the species in the feed stream to the distillation
system would be basically Dz and DT along with 3He, whereas if the
eluent were Hz, then the species would be Hz and HT togecher with 3He.
The relative volatility for the Ha/HT pair is significantly higher

than that for the D>/DT pair. Hence the decision to utilize normal
hydrogen (protium) as the eluent.

A three column system was designed to effect the separations
required. The system is shown schematically in Figure 4. The impor-
tant parameters are given in Table III. The first column is designed
with HD as the light key and HT as the heavy key. The small amount of
HT in the distillate may be reduced by passing the gas over a small
catalyst bed and then into Column 2. In the second column a small
stream of c&. 1% is removed as the distillate. FHecause helium is only
slightly soluble in liquid hydrogen and the withdrawl from the reboil-
ers i3 from the liquid phase, any helium will be removed from the
system through the top product stream. I¥ there were no flow of
hydrogen from the top of column 2, the helium concertration in the
upper peortion of the distillation column and the condenser would
become very high and inhibit th“e separation. The bulk of the feed is
removed as a reboiler product which is recycled to the blanket re-

covery system. Any HT 1s thus recirculated and never need eppear as a
waste product.

The reboiler product of Column 1 is enriched from cs. 1% HT to
ca. B85% HT. At this point there is essentially no Tz, Therefore the
stream 15 sent over a catalyst bed to effect the equilibrium reac-
tion given previouesly by Equation 2. The feed to Column 3 thn con-
tainse «<a. 29% Ta. In column 3 the design separation is between DT
and T, The Da and DT are recvcled into Column 1 as the top product

and the bcttom product of 99.8% To ic recovered for introduction into
the reactor fueling system.

COMPUTER SIMULATIONS

Several computer codes heawve beern develooed or modified to allow the
steady ctate modeling cof multicompeonernt distillation columne.e«-7.®
Featur ec ench  as veriation of enthalcy with c=peciecs, pt.ace, and
compositicn  rether than sc<suming eagual molal heatse and eaquel melal
over flowess end  nonideslity of both the vapor end liquid phases have
been tncorporated 1nte the codes,.®-1*? Aleo 1rncluded 1= the plate-bv-—
plate release of energy due to the radiocactive decay heat of tritium,

The sepatr-ation factors for the separation of the liquid hydro-

genic molecules are of the order of 1.1 to 1.5, The comsequence 1S
that  approcimatel v &0 to 80 cetages are requivred 1n any one of the
columns  discuscsed here, To adequately scolve the system of eqguations

aenerated Lv the methode employed requires repeated inversione of
matricies  of dimension 60 ¢ S0 (up to 200 x 200 ueing some  techni-



ques). In some cases. band matricies may be used, However , the
matricies are often 1l1l-conditioned and unless the computer can retain
a large number of significant figures, errors will creep into the
calculations and propagate, While an 8~bit microprocessor with 64K of
memory has been used for preliminary design studies which compute
first approximations of flows and feed locations, a large mainframe
computer such as a CDC-7600 or Cray-1 is necessary for the detailed
plate-by-plate calculations of composition, flow, and temperaturae.
Several studies have appeared which would indicate that a large number
of small columns might be necessary for the separations required 1in
the fusion energy processes. These studies were unrealistic in that

they were limited by the size of computer memory available or the
amount of computer time al)loted.

SUMMARY

Currently available computer design simulations cf multi-compo-
nent distillation columns coupled with the body of commercial engi-
neering design and fabrication expertise will permit the design and
construction of efficient cryogenic distillation systems for the
hydrogen isotopic separations which will be required for fusion energy
reactor systems. Distillation systems designed with several simple
columns provide a flexibility of configuration and operation to permit
adaptation to altered feed or product specifications.
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TALE |

COLUMN PARAMETERS FOR TSTA 1S0TOPE SEPARATION SYSTEW

¢ of Stages, Packed Section
& of Rectifying Staqes®

0 of Interondiate Stages

0 of Stripping Stages®

NETP, in.
Heli-pak Packing

Paciod Longth, feet
lnside Diameter, in.
Operating Presswre, Torr
Condenser Tesperature, K
Reboiler Teaperature, K
Condenser Buty, Watts out
Redoiler Duty, Watts in

Reflux Ratio®

Light Key Cosponent
Heavy Key Cosponent
Recovery Fraction Light Key*

Top Fraction

Feed:

Flow Rate, soles/sec

Ha, eole fraction
HD, aole fraction
HT, sole traction
D2, sole fraction
DT, mole fraction
T2 (mole fraction

Distillate Products
Flow rate, aoles/sec

Ha, aole éraction
HD. mole fraction
HT, mole fraction
Dz, sole fraction
DT, sole fraction
T2, aole fraction

Reboi]ler Products

Flow Rate, moles/sec

Na. nole fraction
HD. mole fraction
HT, sole fraction
D2, eole traction
DT, sole fraction
T2 pole fraction

Inventories
Ha, grass
02, grass
Ta, qrom

Inventory Totals
Totsl Ha. grams
Total Ds. orame

Coluan Colusn Coluan Coluan
1 2 3 4
1| » '\ o
A N 10 43
0 ] 0 0
. | % 5 8
2.0 20 2.0 2.0
13008 03008 5008
13.% 13.33 10.3 13.9
1.12 0.799 0.973 1.495
[T) 8% 500 00
]9 .3 0.8 23.01
1.9 2.9 N5 .13
2.2 18.18 7.6 9.00
28.09 nn 3.4 .62
20.9 192.0 .7% 1.6
02 HO » h2
L) Y 12 )]
0.93 0.99 0,995 0.9875
0.0029 0.00005 0.1 0.005
0,236419  0.019695  0.693520 0.9763%
4,4(-3) 4, 4(-)) ae-p 4,3(-3)
1.A(-4) 1,2(-4) v 2.9(-8)
1.0(-2} 0,020 3.90-9)  3.9(-0)
9.3{-2) Lie-4) 1,.3(-4) 1.3(=4)
0.248 0,949 0.017 0.989
0.483 0,011 0,649 0.011
0.249 L26-5)  0.339 3.3(-5)
LI B72-5)  2.2(-3)  A2(-})
3.3(-4) 8.30-0 2.9(-B)
0.044 0.994 J.20-9 T.1(-4)
0,036 2.5(-7 1.8(-¢) 1.6(-8)
0.918 *.3(-8) 0.024 1.000
4.7(-3) 0,928 5.70(-5)
6.1(-8) 0,058
AR RN LRI 9.3(-4) 1.0(-4}
4,7(-9) 2.0(-4}
1.74-6) 1,0(-4)
0.017 0.989 .08 0377
0,549 0.0!1 0.011 0.472
0.335 L3-8 0.989 1.4(-3)
0.166 A 0,000 0.011
1.3 22.0 1.30 89.95
| 0.10 4.0 3.3
.97
15 n&



Rectifving stages are located i1n the top section of the coluen

Stripping stages are located in the bottoe section of the colusn

Bolar ratio of liquid returning fros condenser to saterial withdrawn as distillate
Fraction of light key coaponent recovered in the distillate

Fraction of heavy key coaponent reccvered in the distillate

The nysher in parentheses represents the exponent of 10, i.e., 1.9(-6) = 1.1 1 10~*
Entries left blonk are ¢ 10-'®



TARLE 11
COLUEW PARAMETERS FOR A TFCI 130710Pt SEPARATION SYSTEN

Theee Colusn Systes Two Coluen Systes
Coluan Coluan Column Coluan Colusn
! 2 A] ! 2
¢ of Stages, Pached Section 77 78 n &) 16
¢ of Rectifying Stages* 13 9 'M 16 N
¢ of Intermediate Stages b 0 0 4 0
0 of Stripping Stegcs® i | n 13 b
ETP, in. 2.0 2.0 2.0 2.0 2.0
Heli-pak Packing 13012 03012 3012 13012 93012
Packed Length, feet 12,83 12,47 12.83 12.03 12.47
Inside Maseter, in. 0.375 0. 307 0.307 0.373 ¢. 307
Mperating Pressure, Torr A 800 00 830 %0
Condensar Tegperature, K 2.9 2.2 24,31 23.93 n.n
Reboiler Temperature K 25,63 23.81 nn 20.83 FAN |}
Condenser Buty, Hatts Out .48 1.09 2.04 4,09 1.09
Aol ler Duty, Wi ts In 1.83 1.09 2.14 A 3 1.09
Reflus Ratio® 53 873.0 2.3 10.8 L YANL)
Light Key Cosponent " HD n " Wb
Heavy Key Cosponent N HT 12 n N7
l:tovcry Fraction Light Key? ¢.93 0.9 0.9943 0.993 ¢.n
' Heavy ° > 0,00! 0. 001 0.00} 0.00! 0.001
Top Fraction 0.761633  0,003473  0.72174 0.876971  0.00347)
Feed:
Flow Rate, moles/sec 375 3,3-4) 1,0-4) 3.7(-5) J.1(-4)
Ha, mole fraction 1.4(-4) J.8(-4) . 1.4¢-4) 4.21-8)
MD, anle fraction 0.011 1.5(-3) 1, 1(-2) 3.7(-3)
HT, sole fraction 9.3(-3) 2.4(-4) 9.3(-3) 3.0(-8)
D2, eole fraction 0.248 0,995 0.232 0.2468 0.993
DT, sole traction 0,484 1,.5(- 0,492 0.464 1.81-3)
T2 ,mo0le fraction 0.248 §.00-7) 0,276 0.248 8.3(-7)
Distallate Producty
Flow rate, eoles/sec 3. 30-4) 1.10-6) 7.5(-3) A EEXY 1.1(-4)
Ha, sole fraction 1,0(-8) 1.1(-3) 3.940-5) 1.1(=3)
HD, aole friaction 2.2(-3) 0.5%9 193} 0.999
HY. sole fraction L3N 8. 9(-7) AR 6.9(-7
D2, mole fraction ), 99 1,0(-9) 0,122 0.99% 1.0(-9)
DT. mo'2 fraction 1.9¢-4) 0.678 9.0(-5)
T2 .00l fraction 3.2(-9) LB(-4)

Reborler Products
Flow Rate, soles/sec Lo(-4 2.90-5) 2,90-5)e A 4(-5) 1,20-%)®
Ha. mole ¢raction

HD. aole fraction g.21-5) 1,00-9) g.2(-8 1.30-5)
HT. mole fraction 4,70-9 2.40-8) 2.3(-4) 2.4(-4)
Da, m0le friction 0,168 .99 1.3(-¢6) 0,036 0,998
DT, aole f-action 0,813 0.001% 9.7(-) 0. 641 0.0015
T2 .m0le fraction 0.217 6.00-7) 0.990 0,323 8,0(-7)
Inventories

2, Qrass 0.002 0.5%7 0.000 0.002 0,37
De, grans 6.1 4,] 1.9 3.6 1

T2y Qrams 1.3 0,002 5.7 2.1 0,003
Inventory Totaly

Total Ha, qrems 0.57 0.37

Total Dy, graes 17,128 9.93

Total Ta, grams 1.2 2.08

oo im@an  maaaa



Rectitying stages are located in the top section of the coluen

Stripping stages are locoted in the bottos section of the colusn

Molar ratio of liquid reterning froe condenser to saterial withdrawn as distillate
Fraction of light hey component revovered in the distillate

Fraction of haavy kay coaponent recovered in the distillate

The nuaber in parenthetes represents the exponent of 10, (.e,, 1.1(-4) = 1. 2 10~*
Entries left bdlank are ¢ 10-'¢



§ of Stages, Packed Section

0 of Rectifying Stages®

8 of lntersediate Stages

§ of Stripping Stages®

TP, i,

Heli-pus Packing

Packed Length, foet

Inside Disaeter, in,

Operating Pressure, Torr

Condenser Tesperaturc, K

Redoiler Tempergture, K

Cordenser Iuty, Natts out

Reboiler Duty, Hatts in

Reflur Ratio®

Light Key Cosponent

Heavy Key Cosponent

Recovery Fraction Light Key?
* . Heavy

Top Fraction

Feed:

Flow Rate, acles/sec
K2, sole fraction
WD, eole fraction
HT, enle fraction
Da, wole fraction
D7, sole fraction

T2 ,no0le fraction

Distillate Products
Flow rate, soles/sec
K2, mole fraction
HD, sole fraction
KT, acle fraction
D2, sole Fraction
0T, ecle Fraction
T2, #ole traction

Reboiler Producte
Flow Rate, soles/sec
Ha. sole fraction
HD. nole fraction
HT. eole fraction
Da, nole fraction
DT, sole fraction
Ta ,00le fraction

Inventories
Ha, qraes
Doy grame
Ta, qrans

Inventory Totals
Total Ha, grams
Total Da, grams

TARE 111
COLUMN PARARETERS FOR ANL DLAMKET PRODUCT RECOVERY SYSTEW

Coluen Coluan Colusn
] 2 3
W 1 k|
17 10 14
12 0 0
L] 1 24
2.0 2.0 2.0
308 13008 3012
(WA 1.83 (YA
LN 1.4 0.9%7
"o 800 00
20.49 20.56 2.1
.13 0.5 n.2
130.3 51.70 %.%0
7.3 NN 3.9
1.60 73.00 10.00
W2 W2 WY
1 WY 12
0.998897  0.0100000 0.999414
0.007201  3.862(-8) 5.987(-0)*
0.98320%  0.0100000 0.7079%
0.233 W23 4.0(-))
0. 990 1,000 0,265
2.0(- 1.3(-8) 1.0(-3)
9.9¢-D 1.3(-6) 0.443
°
1.31-9) 1.1¢-5
3.9¢-3) 0.292
6.231 2.3-3 2.8(-3)
1.000 1,000 0.374
2.6(-8) 1.4(-9)
1.1(-4) 5.20-8) 0.624
4,4(-8)
2.7(-9)
0,00-1 0,229 1,2(-1
0,059 1.000
1. 7(-5) 1.3(-8)
0.899 1.3(-6) 5.8(-4)
AYIE)) 1.9¢-3)
0.084 0.999
%88.2 44,9 .2
0,001 0.000 0.000
74,1 0.00] 13.1
653,93
0.001
87.14

Total Ta, gram
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Stripping stoges are located in the battos section of the colusn

Polar ratio of ligid returning fros condenser to saterial withérawn as distillate
Fraction of light key compeneat recovered in the distillate

Fraction of Mavy Ley component rocovered in the distillate

The nushber in parenthates represents the exgonent of 10, j.e., 1. 1(-4) = 1.1 2 10
Entries left blank are ¢ 10-0°



